I. Introduction
The last two decades of the twentieth century saw a significant growth in the shares of faculty members in American colleges and universities that are part-time or are full-time without tenure-track status (Eugene Anderson 2002 , Roger Baldwin and Jay Chronister 2001 , Valerie Conley, David Lesley, and Linda Zimbler 2002 . Growing student enrollments faced by academic institutions during tight financial times and growing differentials between the salaries of part-time and full-time non-tenure track faculty on the one hand, and tenured and tenure-track faculty on the other hand are among the explanations given for these trends. However, there have been few econometric studies that seek to test these hypotheses. To analyze the role that economic variables play in causing changes in faculty employment across categories, we conduct two types of econometric analyses. First, in section III, we use panel data to estimate demand functions for tenure and tenure-track faculty on the one hand and full-time non tenure-track faculty on the other hand to learn how changes in revenues per student and the average salaries of different types of fulltime faculty influence the distribution of faculty across categories of full-time faculty.
We do this using both equilibrium models that assume instantaneous adjustments to changes in revenues and faculty salaries and lagged adjustment models that permit partial adjustments to equilibrium each year.
Second, in section IV, we estimate models that seek to explain the flow of new hires of each type of faculty member (rather than the levels of faculty employment) using data on new hires that are available from the IPEDS Fall Staff Surveys. To explain new hires, in addition to information on changes in revenues per student, changes in enrollment, and the levels of faculty salaries, we require information on the number of vacant positions that are available to be potentially filled. We construct information on the latter using data on the number of continuing full-time faculty members at an institution each year that the American Association of University Professors (AAUP) collects (but does not publish) as part of its annual salary survey.
Continuing faculty members in a rank are defined as the number of faculty members in a rank one year, who also are on the payroll of the institution in the next year, regardless of their rank in the second year. Summing up an institution's continuing faculty members across ranks in a year and subtracting that number from the institution's total faculty employment in the previous year provides us with an estimate of the number of full-time faculty vacancies that an institution could have filled in a year if it had replaced each of its departing full-time faculty members.
A brief concluding section summarizes our findings and discusses their implications for American colleges and universities and their students. Table 1 provides annual data on the share of full-time faculty members that are not employed in tenured or tenure-track positions at 4-year colleges and universities in the United States for the 1989 to 1999 period. The data come from the annual IPEDS Faculty Salary Surveys and are tabulated separately by form of control and 1994
II. Changes in Faculty Composition
Carnegie Category. Because a few institutions fail to report survey data each year, we restrict our attention to a sample of 504 public and 854 private colleges and universities that responded to the survey each year.
In the aggregate, the ratio of full-time non-tenure track faculty to total full-time faculty rose from 0.111 to 0.137 at the public institutions in the sample and from 0.142 to 0.197 at the private institutions in the sample. Contrary to what one might have expected, given the well-known budget problems of public higher education during the period, the increasing usage of full-time non tenure-track faculty was larger at the privates than at the publics. Moreover, for almost all Carnegie Categories, the share of full-time faculty that is not on tenure tracks was higher in 1999 at private institutions than it was at public institutions. entirely on research or public service appointments. This definitional difference probably leads the share of full-time faculty that is on non tenure-track appointments to be higher in the Staff Survey data.
The tabulations in appendix table 1 are for a sample of 319 public and 761 private 4-year colleges and universities that participated in the Staff Survey each year. While the share of full-time faculty on non tenure tracks is also higher at private institutions than at public institutions in this sample, the increase was greater during the period at the publics than at the privates, due primarily to large increases at the public Research I and Research II institutions. This suggests the growing usage of full-time non tenure-track faculty positions for full-time researchers at these institutions.
In Table 2 , we provide some evidence on the growing usage of part-time faculty members. Part-time faculty data is available in the Fall Staff Survey but not in the Faculty Salary Survey. The numbers presented in the table represent the ratio of total part-time faculty members to total full-time faculty members at a set of institutions that were both in the sample each year and reported positive numbers of part-time faculty members in each year. 4 The ratios are calculated using a sample of 172 public and 483 private institutions.
During the 1989 to 2001 period, the ratio of part-time to full-time faculty members rose from .269 to .377 at the public institutions in the sample and from .499 to .686 at the private institutions in the sample. In 2001, the share of part-time faculty was higher for each Carnegie category of institution at private institutions than it was at public institutions. 4 The latter restriction is necessary because it is impossible to determine whether a blank in the survey data represents zero or missing data in a year. As a result, the shares of full-time faculty members that are parttime may be overstated in these data.
Finally, the Fall Staff Survey also contains information on whether faculty members who are newly hired during the academic year are on tenured, tenure-track or non tenure-track appointments. Remembering that these data include visiting faculty members and faculty members on research or public service appointments who do not have any instructional responsibilities, Consider an academic institution, which, for simplicity, hires only two types of faculty members -tenure and tenure-track (F T ) and non tenure-track (F N ). The latter category includes both full-time and part-time faculty members. The institution is assumed to derive utility from its employment of each category relative to its number of full-time equivalent enrolled students (E).
(1) U (F T /E, F N /E) Tenured and tenure-track faculty members are important to the academic institution because in addition to teaching, they advise students about their courses of study and 5 The Fall Staff Survey also contains information on the usage of graduate teaching and research assistants. From 1989 to 2001, the usage of graduate assistants, relative to total full-time faculty, increased by about 20% at both private and public research and doctoral universities.
provide advice and letters of recommendation for postgraduate education and employment opportunities, and they conduct research, share governance responsibilities with the administration and the trustees and provide long-term stability to the institution.
Full-time non tenure-track faculty may be important to the institution because, absent the responsibility to produce research, they can be assigned higher teaching loads and can specialize in teaching. Part-time non tenure-track faculty are valuable because in areas in which there is a large supply of people willing to work in such positions they provide the institution with an inventory of instructors who can be hired at the last moment to meet fluctuations in demand. In fields that deal directly with "real world" matters, such as engineering and business, full-time employed professionals willing to teach part-time also provide a type of specialized instruction that institutions might otherwise not be able to offer. In a world in which revenue sources are increasingly uncertain, both types of non tenure-track faculty members provide the academic institution with flexibility to meet rapid changes in its financial situation that the tenure system would otherwise constrain it from having.
Suppose that the average salary per full-time tenured and tenure-track faculty member to the institution is S T and the average salary per non tenure-track faculty member is S N . If the funds per full-time equivalent student that the institution has available to employ faculty are B/E and the institution seeks to maximize its utility from hiring faculty members subject to the constraint that the employment budget is exhausted, then the employment demand curves (2) and (3) will result.
(2) F T /E = F T /E (S T , S N , B/E)
The employment of each type of faculty per full-time equivalent student will depend upon the salaries for both types of faculty members and the funds that it has available to employ faculty members. Other factors held constant, when a faculty type's average salary level rises, an institution will hire fewer of that type of faculty member and, if its demand for that type of faculty members is elastic (with respect to the faculty type's average salary), it will also substitute more faculty members of the other type. An increase in the per full-time equivalent student faculty employment budget will lead to an increase in both types of faculty members per full-time equivalent student if both types of faculty members are "normal goods" in the institution's utility function. One might conjecture that institutions that do not have a strong research component in their faculty members' portfolio of responsibilities would treat both tenured and tenure-track faculty and non-tenure-track faculty as normal goods. However, institutions that highly value research might treat non tenure-track faculty as "inferior goods" and employ fewer of them as their faculty employment budget expands.
In this section, we employ 9 years of institutional level data that span the fall 1989 to fall 1997 period to estimate variants of equations (2) and (3) for a national sample of 4-year colleges and universities. Because no information is available to us on the salaries paid to part-time faculty members, we confine our attention only to the employment of full-time faculty members. Initially, we treat all professorial level faculty (professors, associate professors and assistant professors) as tenured and tenure-track faculty, all lecturers as non tenure-track faculty and exclude instructors from the analyses. 6 These assumptions allow us to easily compute average faculty salary variables for tenured and 6 We exclude instructors initially because nationally over 15% of them at Research I and Research II institutions and 25 to 30% of them at other institutions are tenured or on tenure-track lines.
tenure-track and for non tenure-track faculty members at each institution; however, nationally a small percentage of professorial faculty are actually not on tenure-track lines and a small percentage of lecturers are tenured or on tenure-track lines. Hence, we relax these assumptions below and also include instructors in the analyses. Table 4 provides estimates of four different specifications of models based upon equations (2) and (3). All are estimated in logarithmic form and include institutional level fixed effects to control for differences in the nature of the curriculum, the research intensity of the institution, and other omitted forces that might influence the usage of different types of faculty members. Inasmuch as the funds available to employ faculty depends upon the revenues coming into the institution, in each equation we replace the per full-time equivalent student faculty employment budget of an institution by its revenues per full-time equivalent student that are available to hire faculty members.
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Panel A provides a baseline estimates. The elasticities of both professorial faculty and lecturers with respect to revenue per student are both close to unity. Professorial faculty members' employment is very sensitive to their own salaries, with an elasticity of about minus one, but is insensitive to the salary levels of lecturers. In contrast, lecturers' employment levels are inelastically related to their own salary level and negatively related to the salary levels of professorial faculty. As we shall show, the latter result does not continue to hold in models that allow for lagged adjustment of faculty employment levels to faculty salary levels.
Panel B presents similar estimates for equations that also include year fixedeffects. The latter are included to control for omitted variables that may vary systematically over time and influence the demand for faculty members. For example, in years in which students' financial need is high, colleges and universities may have to use more funds for institutional grant aid and thus have fewer resources available to employ faculty members. While the inclusion of the year fixed-effects marginally reduces the magnitudes (in absolute value) of the salary elasticities, in the main the results are similar to those in panel A.
The estimates in panels A and B assume that faculty employment levels adjust instantaneously to changes in faculty salaries; however, there may be lags in the adjustment process due to the presence of tenured faculty members and tenure-track and non tenure-track faculty members who are on multi-year contracts. To allow for lagged adjustment, panels C and D present estimates of partial adjustment models that included lagged (one year) values of the logarithm of the faculty category's employment level as an additional explanatory variable. 8 These models are estimated using dynamic estimation methods that control for the endogeneity of the lagged dependent variables.
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The coefficient of the lagged dependent variable in the professorial employment equation is very close to zero, suggesting an almost immediate adjustment of tenure and tenure track faculty employment levels to changes in their salary levels. This implies that normal voluntary turnover creates sufficient vacancies each year that adjustment to new desired employment levels can rapidly occur, even when desired employment levels are falling. In contrast, there is evidence of somewhat slower adjustment in the demand for 8 Let (F T /E)* be the equilibrium level of tenured and tenure-track faculty per student for an institution in year t that results from equation (2) in the text. The partial adjustment model specifies that
, where k is the adjustment coefficient. If k equals one, then full adjustment occurs in one year. If k is less than one, adjustment to equilibrium is only partial in a year. This model leads to an equation similar to (2), save that the lagged value of tenured and tenure-track employment per student also appears on the right-hand side and this variable's coefficient is equal to one minus k. A similar equation is specified for non tenure-track faculty. 9 See Manuel Arellano and Stephen Bond (1991) .
non tenure-track faculty members. 10 Moreover, once we allow for lagged adjustment, the own salary elasticities of demand for both tenure and tenure-track faculty members on the one hand, and non tenure-track faculty members on the other hand, become inelastic. In addition, higher salaries for tenured and tenure-track faculty now are seen to lead to an increase in the employment of non tenure-track faculty.
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The estimated coefficients in Table 4 come from models in which all professorial faculty are assumed to be tenure or tenure track and all lecturers are assumed to be non tenure-track. In actuality there is a small percentage of non tenure-track faculty members in the professorial groups, a small percentage of tenured and tenure-track faculty members in the lecturer group and instructors, excluded from the analyses in Table 4 , are in both groups. It is straightforward for us to accurately compute the employment of tenured and tenure-track faculty members at each institution and the employment of non tenure-track faculty members at each institution from the Faculty Salary Survey data.
However, additional assumptions must be made to enable us to obtain estimates of the average salaries of the two different types of faculty at each institution. Specifically, we assume that the average salary of non tenure-track faculty at each rank at an institution is a multiple of the average salary of tenure and tenure-track faculty at the rank at the institution. This multiple is allowed to vary across institutions and over time but is assumed to be constant across ranks at an institution at a point in time.
12 10 For example, the coefficient of about .15 on the lagged value of lecturer employment implies that about 85% of the adjustment to the new equilibrium level of lecturer's employment occurs within the one-year period. 11 We experimented with allowing more complex adjustment processes, such as including lagged values of both faculty employment levels in each faculty employment equation or allowing the speed of adjustment to equilibrium to depend upon the fraction of faculty with tenure or on tenure-tracks. However, these extensions did not improve the fits of our models. 12 Appendix A provides details of how the average salaries of tenured and tenure-track faculty, on the one hand, and non tenure-track faculty, on the other hand, are computed by us.
Making these assumptions, Table 5 presents estimate similar to those found in Table 4 for the more accurately defined measures of tenured and tenure-track and non tenure-track faculty. The estimated elasticities of both types of faculty employment with respect to revenue per student are much smaller in panels A and B, than the comparable estimates in Table 4 . The own salary elasticities of demand for tenured and tenure-track faculty are now inelastic, while those for non tenure-track faculty are unitary elastic.
Increases in tenure-track faculty salaries, holding constant non tenure-track faculty salaries, are associated with higher non tenure-track faculty employment in these models.
Panels C and D of the table again introduce the possibility of lagged adjustment.
Again adjustment of tenured and tenure-track faculty to changes in equilibrium levels is faster than the adjustment of non tenure-track faculty members. As in the first two panels of the table, the own salary elasticity of demand is much larger for non tenure-track faculty than it is for tenure-track faculty and non tenure-track faculty employment levels are positively related to tenure track faculty salaries.
IV. New Hire Equations
Each year the AAUP collects (but does not publish) information on the number of continuing full-time faculty members (by rank) employed at each academic institution that responds to the AAUP's annual salary survey. 13 Continuing faculty members in a rank are defined as full-time faculty members who were employed at the university in the rank in the previous year, who are still employed at the university in the current year, regardless of their current ranks. With this proviso in mind, we use the new full-time faculty hire data from the Fall Staff Survey for 1989 to 1997 to estimate equations in which the number of newly hired faculty members at an institution who are on tenure or tenure-tracks on the one hand and on non-tenure tracks on the other hand are each assumed to depend upon the number of faculty vacancies at the institution over the period, the increase in revenue per full-time equivalent student received by the institution, the change in its full-time equivalent student body, the logarithm of the average salary of its tenured and tenure-track faculty and the logarithm of the average salary of its non tenure-track faculty members. Models are estimated that both include and exclude year fixed effects.
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The estimated coefficients from these models appear in Table 6 . Turning first to the results for new hires of tenured and tenure-track faculty members, the models that use either the number of professorial vacancies at the institution (panels A and B) or those that use the total number of faculty vacancies (including instructors) (panels C and D) perform very similarly. Only a small fraction of all vacancies for full-time faculty members in a year were filled by new hires of tenured and tenure-track faculty members during the year. Increased revenue per student leads to increased full-time tenured and tenure-track new hires, as does increases in the number of full-time equivalent students.
However, these variables coefficients are not always statistically significantly different from zero and, at the margin, each increase of 100 full-time equivalent students leads to the hiring of only about 0.2 more full-time tenured and tenure-track faculty members.
Higher average salaries for professorial faculty are associated with fewer tenured and tenure-track faculty new hires, but this relationship is statistical significant only in the models that exclude year effects.
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15 Institutional fixed effects are required for the reason discussed in appendix A, 16 As appendix A makes clear, excluding year effects imposes the restriction that the ratio of the average salary of tenured and tenure-track faculty in a rank to the average salary of non tenure-track faculty in a rank at an institution does not vary over time. So this is a very restrictive assumption.
Turning to the results for full-time non tenure-track new hires, non tenure-track new hires are negatively associated with the number of instructor vacancies at an institution and unrelated to the total number of full-time vacancies. The former result may reflect that "vacancies" for instructors are often involuntary in nature; when the demand for them declines, academic institutions fail to reappoint faculty members in the role, which creates "vacancies". Other factors held constant, the greater the number of such vacancies the fewer the number of non tenure-track faculty appointments. Increases in revenues per student are associated with increases in non tenure-track new hires, but changes in fulltime equivalent student employment are not. In the models that include year effects, increases in the average salaries of tenured and tenure-track faculty members are positively and statistically significantly associated with increases in the hiring of non tenure-track faculty. Increases in the average salaries of non tenure-track faculty are negatively associated with fewer full-time non tenure-track faculty hires; however this latter relationship is never statistically significantly different from zero.
V. Concluding Remarks
Our paper has presented evidence from a variety of sources that show that during the decade of the 1990s the usage of full-time non tenure-track faculty and part-time faculty continued to grow at four-year colleges and universities in the United States. Lacking data on the salaries of part-time faculty, we could not estimate demand functions for them. However, models of the demand for full-time faculty and for full-time faculty new hires that we did estimate suggest, in the main, that as the salaries of full-time non-tenure track faculty decline relative to the salaries of full-time tenure and tenure-track faculty, the relative usage of full-time non tenure-track faculty will increase.
Between 1989 Of course parents of college age students, taxpayers more generally, state legislators and governors and the trustees of private colleges and universities may reasonably ask why they should be concerned about the growing use of part-time and 17 As we have discussed above, not all lecturers are non tenure-track, not all professorial faculty are on tenured or tenure-track lines and instructors (left out of the computation of the ratio) are employed on all three types of appointments. However, we can not more accurately estimate how the average salary of fulltime non tenure-track faculty members has changed vis-à-vis the average salary of their tenured and tenuretrack counterparts because the method we used to compute relative salaries of the two groups to conduct the estimation that led to table 5 required us to assume that in a given year the ratio of salaries of the two groups at an institution were constant across ranks, but varied across institutions. These ratios were treated as unobserved institutional fixed effects that were subsumed in the more general fixed effects in our model. 18 By way of an example, in May 2003 non-tenure track faculty members at the University of Michigan voted to create a union to represent the 1300 full-time and part-time non-tenure track faculty at the university (Smallwood 2003) .
full-time non tenure track faculty members. Surprisingly, very few studies have addressed whether the increased substitution of part-time and full-time non tenure-track faculty for tenure-track faculty at higher education institutions leads to adverse academic outcomes for undergraduate students, such as less learning in any class, longer times to degree, lower graduation rates, or a lower proportion of graduates going on to postgraduate study. Analyses of these issues will be essential if public institutions want to make the case to their state legislators and governors and private academic institutions want to make the case to their trustees that better funding would enable them to increase their usage of tenure-track faculty members and that this would enhance undergraduate students' educational outcomes.
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Finally, it is well known that the proportion of PhDs granted by U.S universities that go to American citizens has been falling over long periods of time. In some science and engineering fields and in economics, the proportion of PhDs granted to American citizens is now well under 50%. 20 Universities and public policy makers would do well to contemplate what the likely affect of their increased usage of part-time and full-time non tenure-track faculty is on the desire of American college graduates to go on to PhD study.
Put more starkly, by increasing their reliance on non tenure-track faculty, American 19 One study of community college students that randomly assigned them to sections of a remedial mathematics course that were taught by part-time and tenure-track full-time faculty found no differences in the amounts that student learned (Bolge 1995) . Another study of a Midwestern comprehensive institution found, using four years of data on fall entering freshman, that the greater the proportion of part-time faculty that students had during their first semester in college, the lower the probability that they would return for their second semester (Harrington and Schibik 2001) . Studies by economists have tended to focus on how instructor type (including graduate students) influences the amount that students learn in first-year classes (Finegan and Siegfried 1998, Lynch and Watts, 1989 ) and the results vary across studies. Bettinger and Long (2003) are using data from Ohio public 4-year colleges to study the impact of adjunct faculty (as compared to full-time faculty regardless of tenure or tenure-track status) and their preliminary results suggest that adjuncts do not have negative effects on undergraduate students. 20 See for example, John Siegfried and Wendy Stock (2004) colleges and universities may be making PhD study a less attractive option than would otherwise by the case. Appendix A Let F ijt be the number of faculty members of rank i at institution j in year t. Let f ijt be the fraction of faculty members of rank i at institution j in year t that have tenured or tenure-track appointments. Finally, let S ijt be the average salary of faculty members of rank i at institution j in year t. Then the number of faculty members at institution j with tenured or tenure track appointments in year t is simply the sum over all ranks (i) of F ijt f ijt and the number of faculty members on non tenure-track appointments is simply the sum over all ranks (i) of F ijt (1-f ijt ). Each of these sums can be directly calculated from the Faculty Salary Survey data. Put another way, we know from the data the number of tenured and tenure-track and the number of non tenure-track faculty members at each institution in each year.
We know the average salary of faculty members of each rank at each institution in each year. We do not have information on the average salary of faculty members at each rank in each year by tenure-track status. However, if an estimate of these numbers can be obtained if one is willing to assume that the average salary of tenured and tenure track faculty at a rank is a constant multiple of the average salary of non tenure-track faculty at the rank. This multiple is assumed to be constant across ranks at a given institution over time but is allowed to vary over time. That is, letting the subscript T represent tenured and tenure-track faculty and the subscript N non tenure-track faculty, we assume 
